* Corresponding author. and 5. F. major 3 and S. linguale lN, 2, and 5 were obtained from John Larkin; the rest of the cultures were obtained from the American Type Culture Collection (ATCC), Rockville, Md. DSM strains were from the Deutsche Sammlung von Mikroorganismen, Gottingen, Federal Republic of Germany.
In addition, two pink-pigmented marine ring-forming bacteria that were recently isolated by D. A. Bazylinski and H. W. Jannasch at the Woods Hole Oceanographic Institute, Woods Hole, Mass., were included in this study. These organisms were obtained from the deep sea (about 2 m above the benthic floor) near the thermal vents of the Guaymas Basin (Gulf of California) tectonic spreading center. They were obtained from hydrocarbon-containing seawater (4°C) that was collected at a depth of 2,003 m with a Niskin sampler. Primary isolation of these barotolerant ring-forming bacteria was made at room temperature on a very-lownutrient artificial seawater medium containing (per liter) 0.05 g of casein hydrolysate, 0.05 g of peptone, and 5.0 ml of Wolfe mineral elixir (23). These two isolates were identified as F. marinus and were designated strains WH-A (= ATCC 43824) and WH-B (= ATCC 43825).
A pale pink-pigmented freshwater isolate was also included in this study. This organism was isolated from sediments of Lake George near New York by D. L. Tison, Rensselaer Polytechnic Institute, Troy, N.Y. Primary isolation was made by spread plating the sediments onto an agar medium containing 0.1% peptone, 0.02% yeast extract, and 0.1% glucose at room temperature. This isolate was identified as R. slithyformis and was designated strain RPI (= ATCC 49304).
Morphological and cultural characteristics. The morphological and cultural traits of all of the organisms except F. marinus (Table 1) were determined by using young slant cultures grown on tryptone-glucose extract agar (Difco Laboratories, Detroit, Mich.) made with distilled water and fortified with 0.1% yeast extract (TGEY medium); F. marinus strains were grown on modified Zobell marine agar (11).
Electron microscopy. Exponentially grown cells of F. major GromovT and F. marinus strains were fixed in glutaraldehyde for scanning electron microscopy or were negatively stained with 1% phosphotungstic acid (pH 7) for transmission electron microscopy as described previously (11).
Biochemical and physiological characteristics. The bio- chemical and physiological traits (Tables 2 through 4) were determined by using the procedures described previously (8, 9, 11, 13). In the case of F. marinus, all media other than seawater media were fortified with 3.0% NaCl and 0.03% K,HP04. Antibacterial agents were tested on Mueller-Hinton agar (BBL Microbiology Systems, Cockeysville, Md.) or microcyclus-spirosoma agar. Sole carbon sources were tested (in amounts having carbon contents equivalent to the carbon content of 0.5% glucose) by using the following two media for comparison: Simmons citrate agar containing bromthymol blue indicator (13) and modified Koser citrate agar having phenol red indicator (9) with the agar deleted and the citrate replaced with the sole carbon source being tested (Table 4) . Compared with the former medium, the latter medium was found more sensitive and yielded better results. Jaccard coefficient. A total of 183 traits (17 morphological, 40 cultural, 52 physiological, and 74 biochemical traits; Tables 1 through 4) was analyzed to determine the Jaccard coefficient of similarity (18) for each pair of bacteria studied.
RESULTS AND DISCUSSION
New freshwater isolate RPI was found to be almost identical to the type strain of R . slithyformis (Tables 1  through 4 ). It differed from the type strain in having intracellular volutin deposits in older pleomorphic cultures and in growing on eosin methylene blue agar (Difco) as small colonies (diameter, ca. 1 mm).
The two recent marine ring-forming isolates (strains WH-A and WH-B) resembled F . marinus type strain Raj (= ATCC 25205) not only morphologically ( Fig. 1 ) but also biochemically, culturally, and physiologically (Tables 1 TABLE 3 
a All antimicrobial agents were tested on Mueller-Hinton agar or microcyclus-spirosoma agar for most bacteria; for C. marinus Mueller-Hinton agar was fortified with 3.0% NaCl and 0.03% K,HP04. The cultures were incubated at room temperature. S, Susceptible; R, resistant; V, variable results; NT, not tested.
Strain 6 was susceptible to kanamycin. F. major 3 was susceptible to neomycin, and R . slithyformis 6 and S . linguale 2 and 5 were resistant to neomycin. Strain 2 was resistant to streptomycin. F. marinus and F. major GromovT were morphologically distinct. The latter was considerably larger (as much as 50 times or more larger in cell volume) with wide open ringlike cells and some straight or slightly curved rods that had tapered andlor uniformly rounded ends (Fig. 2) . Also, under certain cultural conditions, F . major Gromov' formed long filaments (>50 bm) with bulbous and involuted shapes but rarely ringlike cells. When a subculture of F . major GromovT was grown in MR-VP medium (Difco) or its lyophile was grown in TGEY broth at room temperature on a shaker at <60rpm, pleomorphic cells were produced. The bizarre shapes and sizes of this bacterium were originally observed in old cultures and in cultures grown on rich nutrient media (3). Such morphological variations of F . major are shown in Fig. 3 . The pointed ends seen in some cells (Fig. 3) were also observed previously (2, 3). However, electron microscopy revealed that these cells with pointed ends actually had tapering rounded ends (with somewhat declining cell width at the termini instead of uniformly rounded ends with the same cell width), resulting from a deep constriction during cell division (Fig. 2) . Such morphological variations have never been observed in F . marinus subcultures.
Culturally, unlike F . marinus, F. major formed flocculent growth and a pellicle in broth cultures and large (5-mmdiameter), smooth, slimy, glistening, transparent, pinkish colonies on agar media (Table 1) . Physiologically and biochemically (Tables 2 through 4) , F . marinus was clearly differentiated from F . major by its inability to hydrolyze gelatin, starch, tributyrin, and urea and its inability to produce acid from cellobiose and dextrin; also, it was resistant to aureomycin, kanamycin, penicillin G, streptomycin, and sulfame thoxazole/trimethoprim. In addition, unlike F . major, F . marinus grew in or on media containing seawater or 3% NaCl and utilized acetate, citrate, fumarate, malate, malonate, and tartrate as single carbon sources.
Metabolic studies to elucidate the primary and secondary pathways for carbohydrate catabolism showed that both F . marinus Raj' and F . major Gromov' oxidized glucose and gluconate primarily via the Embden-Meyerhof and EntnerDoudoroff pathways, respectively, with some concurrent participation of the pentose phosphate pathway, in conjunction with the tricarboxylic acid (TCA) cycle. However, in contrast to F. marinus, which catabolized each of these substrates by the three primary pathways described above concurrently with a strong amphibolic TCA cycle (11, 12, 14), F . major seemed to oxidize the same substrates by mutually exclusive operation of the Embden-Meyerhof or Entner-Doudoroff pathway and did not seem to have an active TCA cycle for utilization of acetate, citrate, and other TCA intermediates (Raj, The Jaccard coefficient, which indicates the unbiased percentage of similarity based on the number of positive features (N,) and number of dissimilarities (Nd) shared by each pair of organisms (18), was computed from more than 180 traits (Tables 1 through 4) . F . major shared only 41 N , and 31 Nd traits with R. slithyformis, 56 N , and 33 Nd traits with S . linguale, and 48 N , and 48 Nd traits with F . marinus. Similarly, R . slithyformis shared only 27 N , and 62 Nd traits with F. marinus and 35 N , and 46 Nd traits with S. linguale, which shared 54 N , and 39 Nd traits with F . marinus. Thus, we calculated that F . major has Jaccard similarity coefficients of about 57, 63, and 50% with R . slithyformis, S . linguale, and F. marinus, respectively. While R . slithyformis exhibits about 43 and 30% similarity with S. linguale and F . marinus, respectively, S . linguale exhibits only 58% similarity with F . marinus. Surprisingly, F . major exhibits the +, Positive reaction; w, weak reaction; v, variable reaction; -, negative reaction; NT, not tested.
Strain 2 did not hydrolyze casein, and strain 5 hydrolyzed casein very slowly. Strain WH-B did not produce any reaction in litmus milk. Strain WH-B produced a small amount of NH, from peptone water. R. slithyformis 6 and RPI utilized glucose very slowly, and F. major 3 produced very weak acidity from inulin. R. slithyformis 6 did not produce acid from galactose and mannose. C. marinus WH-B, F. major 3, and R . slithyformis 6 produced weak acidity from raffinose Strain 2 produced acid from arabinose and fructose very slowly. Strain 2 produced acid from dextrin very slowly. C. marinus WH-A did not utilize L-glutamate as a sole carbon source, and R. slithyformis 4 utilized L-glutamate very slowly.
G+C content determined by the thermal denaturation method. The G+C content of C. marinus WH-A was 38.7 mol%; the G+C content of strain WH-B was not determined. Other data were obtained from references 6 and 14. The G+C content of C. marinus determined by the buoyant density method was 38.3 to 38.7 mol%. and rhamnose, but R. slithyformis 4 did not produce acid from these two sugars. highest Jaccard similarity value with S . linguale, not with F . marinus. These findings not only confirmed the current separate genus status for F. major, S . linguale, and R . slithyformis but also supported the proposal that F. marinus should be reassigned to a separate genus (14, 22) .
Cellular fatty acid composition has been used to differentiate the ring-forming bacteria chemotaxonomically (20). The cellular fatty acid profile of F. marinus differs from the profiles of F. major and other members of the family Spirosomaceae in that anteiso-C,,,, acid is a major component of the profile of F. marinus and is absent from the F. major profile. Also, iso-C,,,, and n-C,,,, acids and the hydroxy fatty acids are absent from F. marinus; these findings contrast with the fatty acid profile of F. major (20). On the basis of these data, F. marinus can be clearly distinguished from F. major. However, like the other family members tested, both of these organisms possess a menaquinone system with MK-7 as the major component and MK-6 and MK-8 as very minor components (20).
DNA-DNA homology studies (7) of the family members were used showed that R . slithyformis formed 42% interspecific heteroduplexes with S . linguale, 50% interspecific heteroduplexes with F. major, and 45% interspecific heteroduplexes with F. marinus, whereas F. major exhibited 50% genetic relatedness with S . linguale. We believe that these homology values support the current separate genus status for each of the family members. In the same study, F. marinus Raj' was paired with F. major GromovT, LAH, S-1, and 014, and DNA-DNA homology values of 71, 50, 40, and 63%, respectively, were obtained. Estimates of genetic relatedness based on levels of DNA homology are meaningful only when closely related bacteria which possess genomes of the same size are compared; however, such estimates were not made (7) even though F. major can be more than 50-fold larger in cell volume than F. marinus (16a) . Nevertheless, on the basis of the level of DNA homology between F. major GromovT and F . marinus RajT (71%) and the similar guanine-plus-cytosine (G+C) contents of these organisms (38 to 40 mol%), Larkin and Borrall placed both species in the genus Flectobacillus (6, 7). Since the other three strains of F . major exhibited levels of DNA homology of 82 to 97% with type strain Gromov, they are recognized as legitimate strains of this species (7). However, because of the wide range of homology values (40 to 71%) obtained when the four F . major strains were paired with the type strain of F. marinus (7), these results do not validate the current placement of both organisms in the same genus. Furthermore, since G+C contents of taxonomically diverse bacteria can be very similar, this characteristic is not a sufficient criterion for grouping these bacteria in a single genus (16). Thus, R . slithyformis and S . linguale are placed in different genera (6, 7) even though they have the same G+C content (49 to 51 mol%) .
The results of recent molecular studies (22) based on sequence catalogs of 16s rRNAs of F . major, F. marinus, R . slithyformis, and S . linguale indicate that these ring-forming spiroids form a cluster deep within the FlavobacteriumBacteroides phylum (21). Furthermore, the data clearly show relatively large evolutionary distances (ca. 20%) among the four members of the Spirosomaceae (22). These findings suggest that these four species have diverged sufficiently to be classified in four distinct genera; thus, F. marinus should be separated from F. major at the genus level. This molecular differentiation is consistent with the findings of the numerical studies, as well as the chemotaxonomic studies described above.
In view of the evidence obtained from the polyphasic taxonomic studies cited above, we propose that F. marinus should be separated from F . major at the genus level. Because it cannot be assigned to any other taxon, we propose that F. marinus should be reclassified as the type species of a new genus, Cyclobacterium, in the family Spirosomaceae.
The current determinative scheme for classification of members of the Spirosomaceae (6) is essentially based on the pigmentation produced by these bacteria; for example, members of the genus Spirosoma are differentiated from the other members of the family on the basis of yellow pigment only. However, yellow-pigmented, marine, ring-forming isolates (4, 5) that morphologically resembled the bacteria included in this study were found to be physiologically as well as biochemically different from any previously described marine or nonmarine ring-forming bacteria, including yellow-pigmented Spirosoma isolates. Since pigment production is also a function of the cultural conditions provided, it cannot be a stable criterion for differentiation among related phenotypes. Therefore, a better classificatory scheme (16a) should be based on stable and reliable biochemical parameters ( Table 4 ) that also allow distinct differentiation between the freshwater pink-pigmented Runella and Flectobacillus isolates and the marine pink-pigmented Cyclobacterium isolates, as follows:
Key to the genera of the family Spirosomaceae:
I. Nonmethylotrophic freshwater bacteria; no growth in media containing seawater or 3% NaCl; sugar alcohols (glycerol , mannitol, sorbitol) not oxidized.
A. Acid not produced from most carbohydrates, including ribose; lipase (tributyrin) but not urease produced.
Genus I. Runella AA. Acid produced oxidatively from most carbohydrates but not from ribose; lipase (tributyrin) and urease produced.
Genus 11. Flectobacillus AAA. Acid produced oxidatively from most carbohydrates, including ribose; lipase (tributyrin) and urease not produced.
Genus 111. Spirosoma 11. Nonmethylotrophic marine bacteria; no growth in media lacking seawater or 3% NaCl; glycerol, mannitol, sorbito1 not oxidized.
A. Acid produced oxidatively from most carbohydrates but not from ribose; lipase (tributyrin) and urease not produced.
Genus IV. Cyclobacterium
A description of the proposed new genus Cyclobacterium is given below.
Cyclobacterium gen. nov. Cyclobacterium (Cy.clo.bac. ter'i.um. Gr. n. cyclos, a circle; Gr. n. bakterion, a small rod; M. L. neut. n. Cyclobacterium, a circle-shaped bacterium). Mostly circle-shaped (ringlike) and horseshoe-shaped cells with an outer diameter of 0.8 to 1.5 pm and a cell width of 0.3 to 0.7 pm. The cells have rounded (never tapered) ends. Coils, spiral forms, and some straight rods occur less frequently. Filamentous or pleomorphic cells are rare.
Gram negative. Encapsulated. Nonflagellated and non- 
